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[57] ABSTRACT 

Disclosed are cDNAs encoding Azb-adenosine receptors and 
the recombinant proteins expressed from such cDNAs. The 
recombinant receptor and receptor fragments and analogs 
are used in methods of screening candidate compounds for 
their ability to antagonize interaction between adenosine and 
an Azb-adenosine receptor; antagonists are used as thera 
peutics to reduce in?ammatory gastrointestinal tract dis 
eases or asthma. Antibodies speci?c for Azb-adenosine 
receptor (or receptor fragment or analog) and their use as a 
therapeutic and diagnostic are also disclosed. 

1 Claim, 15 Drawing Sheets 
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AZB-ADENOSINE RECEPTORS 

This invention was made with Government support 
under Grant DK-42l25 awarded by the National Institute of 
Health. The government has certain rights in the invention. 

The invention relates to receptors, particularly adenosine 
receptors. 

This is a continuation of application Serial No. 07/850, 
188, ?led Mar. 11, 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

The invention relates to receptors, particularly adenosine 
receptors. 

Adenosine modulates a variety of physiological functions 
by acting through speci?c cell surface receptors (Williams, 
1987, Annu. Rev. Pharrnacol Toxicol, 27:315—345; Linden, 
1991, FASEB J, 5:2668-2676). These receptors are coupled 
to guanine nucleotide binding proteins (G proteins) and have 
been broadly divided into A,» and Az-receptor subtypes. 
Each subtype has a speci?c pattern of ligand binding, a 
unique tissue distribution, and a distinct action on the cAMP 
regulatory system; Al-adenosine receptors inhibit, while 
Az-adenosine receptors stimulate, adenylyl cyclase activity 
(Van Calker et al., 1979, J. Neurochem, 33:999—-lO05; 
Londos et al., 1980, Proc. Natl. Acad. Sci. USA 
77:2551—2554). 

Using the polymerase chain reaction (PCR), high affinity 
A1- and Aza-adenosine receptor cDNAs have been recently 
cloned from dog thyroid gland (Libert et al., 1989, Science 
244:569-572; Maenhaut et al., 1990, Biochem. Biophys. 
Res. Commun. 173:1169-1178; Libert et al., 1991, EMBO J. 
10:1677-1682) and rat brain (Reppert et al., 1991, Mol. 
Endocrinol. 5:l037—l048; Mahan et al., 1991, Mol. Phar 
macol. 40: 1-7). The Al- and Aza-adenosine receptor cDNAs 
are structurally similar to each other but have features which 
clearly distinguish them from monoamine and peptide 
receptors. Thus, adenosine receptors appear to comprise a 
new subfamily within the rapidly growing superfamily of G 
protein-coupled receptors. 

SUMMARY OF THE INVENTION 

In general, the invention features substantially pure A2,, 
adenosine receptor polypeptide. In preferred embodiments, 
the receptor includes an amino acid sequence substantially 
identical to the amino acid sequence shown in FIG. 1 (SEQ 
ID NO: 1); and the polypeptide has an amino acid sequence 
which is 80% identical to the amino acid sequence shown in 
FIG. 1 (SEQ ID NO:1). The invention also features a 
substantially pure polypeptide which is a fragment or analog 
of an Alb-adenosine receptor and which includes a domain 
capable of binding adenosine and mediating an increase in 
intracellular cAMP. 

In various preferred embodiments, the receptor or recep 
tor fragment is derived from a mammal, preferably, a human 
or a rat. 

The invention further features a polypeptide including 
Azb‘adeno sine receptor extracellular domain. Preferably, the 
polypeptide includes approximately amino acids 1-9, 
62-73, 133—169, or 253-263 of the amino acid sequence 
shown in FIG. 1 (SEQ ID NO.:l). 
By “An-adenosine receptor polypeptide” is meant all or 

part of a mammalian cell surface protein which speci?cally 
binds adenosine and signals the appropriate adenosine 
mediated cascade of biological events (e.g., an increase in 
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2 
intracellular cAMP). The polypeptide is characterized as 
having the ligand binding properties (including the agonist 
and antagonist binding properties) described herein. 
By a “polypeptide” is meant any chain of amino acids, 

regardless of length or post-translational modi?cation (e. g., 
glycosylation). 
By “substantially pure” is meant that the Azb-adenosine 

receptor polypeptide provided by the invention is at least 
60%, by weight, free from the proteins and naturally 
occurring organic molecules with which it is naturally 
associated. Preferably, the preparation is at least 75%, more 
preferably at least 90%, and most preferably at least 99%, by 
weight, Azb-adenosine receptor polypeptide. A substantially 
pure A2b-adenosinereceptor polypeptide may be obtained, 
for example, by extraction from a natural source; by expres 
sion of a recombinant nucleic acid encoding aAzb-adenosine 
receptor polypeptide, or by chemically synthesizing the 
protein. Purity can be measured by any appropriate method, 
e.g., column chromatography, polyacrylamide gel electro 
phoresis, or HPLC analysis. 
By a “substantially identical” amino acid sequence is 

meant an amino acid sequence which differs only by con 
servative amino acid substitutions, for example, substitution 
of one amino acid for another of the same class (e.g., valine 
for glycine, arginine for lysine, etc.) or by one or more 
non-conservative amino acid substitutions, deletions, or 
insertions located at positions of the amino acid sequence 
which do not destroy the biological activity of the receptor. 
Such equivalent receptors can be isolated by extraction from 
the tissues or cells of any animal which naturally produce 
such a receptor or which can be induced to do so, using the 
methods described below, or their equivalent; or can be 
isolated by chemical synthesis; or can be isolated by stan 
dard techniques of recombinant DNA technology, e.g., by 
isolation of cDNA or genomic DNA encoding such a recep 
[01‘. 

By “derived from” is meant encoded by the genome of 
that organism and present on the surface of a subset of that 
organism’s cells. 

In another related aspect, the invention features isolated 
DNA which encodes an Azb-adenosine receptor (or receptor 
fragment or analog thereof) described above. Preferably, the 
puri?ed DNA is cDNA; is cDNA which encodes a rat 
Azb-adenosine receptor; is cDNA which encodes a human 
Azb-adenosine receptor; and is included in the plasmid 
RFL9. 

By “isolated DNA” is meant a DNA that is not immedi 
ately contiguous with (i.e., covalently linked to) both of the 
coding sequences with which it is immediately contiguous 
(i.e., one at the 5' end and one at the 3' end) in the 
naturally-occurring genome of the organism from which the 
DNA of the invention is derived. The term therefore 
includes, for example, a recombinant DNA which is incor 
porated into a vector; into an autonomously replicating 
plasmid or virus; or into the genomic DNA of a prokaryote 
or eukaryote; or which exists as a separate molecule (e.g., a 
cDNA or a genomic or cDNA fragment produced by PCR or 
restriction endonuclease digestion) independent of other 
sequences. It also includes a recombinant DNA which is part 
of a hybrid gene encoding additional polypeptide sequence. 

In other related aspects, the invention features vectors 
which contain such isolated DNA and which are preferably 
capable of directing expression of the protein encoded by the 
DNA in a vector-containing cell; and cells containing such 
vectors (preferably eukaryotic cells, e.g., CHO cells). Pref 

I erably, such cells are stably transfected with such isolated 
DNA. 
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The expression vectors or vector-containing cells of the 
invention can be used in a method of the invention to 
produce recombinant Azb-adenosine receptor polypeptide 
and the polypeptides described above. The method involves 
providing a cell transformed with isolated DNA encoding an 
Azb-adenosine receptor or a fragment or analog thereof 
positioned for expression in the cell; culturing the trans 
formed cell under conditions for expressing the DNA; and 
isolating the recombinant A2,;adenosine receptor protein. 
By “transformed cell” is meant a cell into which (or into 

an ancestor of which) has been introduced, by means of 
genetic engineering, a DNA molecule encoding an A2,, 
adenosine receptor (or a fragment or analog, thereof). Such 
a DNA molecule is “positioned for expression” meaning that 
the DNA molecule is positioned adjacent to a DNA sequence 
which directs transcription and translation of the sequence 
(i.e., facilitates the production of the Azb-adenosine receptor 
protein, or fragment or analog, thereof). 

In yet another aspect, the invention features a substan 
tially pure antibody which speci?cally binds to an A2,, 
adenosine receptor (or a fragment or analog thereof). 
By “substantially pure antibody” is meant antibody which 

is at least 60%, by weight, free from the proteins and 
naturally-occurring organic molecules with which it is natu 
rally associated. Preferably, the preparation is at least 75%, 
more preferably at least 90%, and most preferably at least 
99%, by weight, antibody, i.e., Azb-adenosine receptor 
speci?c antibody. A substantially pure Azb-adenosine recep 
tor antibody may be obtained, for example, by af?nity 
chromatography using recombinantly-produced AZb-ad 
enosine receptor polypeptide and standard techniques. 
By “speci?cally binds” as used herein, is meant an 

antibody which recognizes and binds Azb-adenosine recep 
tor polypeptide but which does not substantially recognize 
and bind other molecules in a sample, e.g., a biological 
sample, which naturally includes Azb-adenosine receptor 
polypeptide. I 

Preferably, the antibody neutralizes the biological activity 
in vivo of the protein to which it binds. By “biological 
activity” is meant the ability of the Azb-adenosine receptor 
to bind adenosine and signal the appropriate cascade of 
biological events (as described herein). By “neutralize” is 
meant to partially or completely block the biological activity 
of an Azb-adenosine receptor. 

In other aspects, the polypeptides or antibodies described 
above are used as the active ingredient of therapeutic 
compositions. In such therapeutic compositions, the active 
ingredient may be formulated with a physiologically-accept 
able carrier or anchored within the membrane of a cell. 
These therapeutic compositions are used in methods of 
treating in?ammatory diseases of the gastrointestinal system 
as well as asthma. 

In yet another aspect, the invention features a method of 
screening candidate compounds for their ability to antago 
nize interaction between adenosine and an AZb-adenosine 
receptor. The method involves: a) mixing a candidate 
antagonist compound with a ?rst compound which includes 
a recombinant Ayb-adenosine receptor (or adenosine-bind 
ing fragment or analog) on the one hand and with a second 
compound which includes adenosine on the other hand; b) 
determining whether the ?rst and second compounds bind; 
and c) identifying antagonistic compounds as those which 
interfere with the binding of the ?rst compound to the 
second compound and which reduce adenosine-mediated 
increases in intracellular cAMP accumulation. 
By an “antagonist” is meant a molecule which inhibits a 

particular activity, in this case, the ability of adenosine to 
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4 
interact with an Azb-adenosine receptor and to trigger the 
biological events resulting from such an interaction (e.g., 
increased intracellular cAMP accumulation). 

In yet another aspect, the invention features a method of 
screening candidate compounds for their ability to act as an 
agonist of an Azb-adenosine receptor ligand. The method 
involves: a) contacting a candidate agonist compound with 
a recombinant Azb-adenosine receptor (or adenosine-bind 
ing fragment or analog); b) measuring binding of the ligand 
to the receptor polypeptide or the receptor fragment or 
analog; and 0) identifying agonist compounds as those 
which bind the recombinant receptor and trigger an increase 
in intracellular cAMP accumulation. 

By an “agonist” is meant a molecule which mimics a 
particular activity, in this case, the ability of an Alb-adenos 
ine receptor ligand to bind an Azb-adenosine receptor and to 
trigger the biological events resulting from such an interac 
tion (e.g., increased intracellular cAMP accumulation). An 
agonist may possess greater activity than the naturally 
occuning Alb-adenosine receptor ligand. 

In preferred embodiments of both screening methods, the 
recombinant Alb-adenosine receptor is stably expressed by 
a mammalian cell which normally presents substantially no 
Azb-adenosine receptor on its surface (i.e., a cell which does 
not exhibit any signi?cant adenosine-mediated increase in 
intracellular cAMP accumulation); the mammalian cell is a 
CHO cell; and the candiateantagonist or candidate agonist 
is an adenosine analog. 

The proteins of the invention are likely involved in the 
events leading to in?ammation of the gastrointestinal tract or 
lungs. Such proteins are therefore useful to treat or, alter 
natively, to develop therapeutics to treat such conditions as 
in?ammation resulting from viral, bacterial, or parasitic 
diarrhea, in?ammatory bowel disease, ulcerative colitis, 
Crohn’s disease, and asthma. Preferred therapeutics include 
antagonists, e.g., adenosine analogs, peptide fragments (par 
ticularly, fragments derived from extracellular domains), 
antibodies, or drugs, which block adenosine or AZb-adenos 
ine receptor function by interfering with the adenosine:re 
ceptor interaction. 

Because the receptor component may now be produced by 
recombinant techniques and because candidate antagonists 
may be screened in vitro, the instant invention provides a 
simple and rapid approach to the identi?cation of useful 
therapeutics. Such an approach was previously di?icult 
because of the presence on the surface of AZb-adenosine 
receptor-bearing cells of related receptors. Isolation of the 
Azb-adenosine receptor gene (as cDNA) allows its expres 
sion in a cell type which does not normally bear A21, 
adenosine receptors on its surface, providing a system for 
assaying an adenosine:receptor interaction without interfer 
ence from related receptors. 

Once identi?ed, a peptide- or antibody-based therapeutic 
may be produced, in large quantity and inexpensively, using 
recombinant and molecular biological techniques. 

Other features and advantages of the invention will be 
apparent from the following description of the preferred 
embodiments thereof, and from the claims. 

DETAILED DESCRIPTION 

The drawings will ?rst brie?y be described. 
Drawings FIG. 1 (SEQ ID NO: I) shows the nucleic acid 

sequence and deduced amino acid sequence of rat A2,, 
adenosine receptor. The nucleotide sequence is numbered 
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from the initiator methionine and indicated on the right of 
each line. The putative transmembrane regions are under 
lined and numbered (I-VII). Y Consensus sites for N-linked 
glycosylation, 

FIG. 2 shows a hydropathy pro?le of RFL9. Transmem 
brane domains were de?ned via hydropathicity analysis 
(upper panel). The average hydrophobicity (ordinate) is 
plotted vs. the amino acid number (abscissa). Putative 
transmembrane domains (I—Vl1) are indicated. 

FIG. 3 shows a comparison of RFL9 with the rat A2,; and 
Al-adenosine receptors. In the rat Aza- and A1~adenosine 
receptor sequences, hyphens indicate identity with the rat 
RFL9 receptor. To maximize homologies, gaps represented 
by dots have been introduced in the three sequences. The 
seven presumed transmembrane domains (I-VH) are high 
lighted by solid lines. 

FIG. 4 shows expression of the rat Al-adenosine receptor, 
Aza-adenosine receptor, and RFL9 in COS-6M cells. Non 
transfected (NT) and transfected cells were incubated with 
[3H]NECA (20 nM), [3H]CCPA (2 nM), or [3HlCGS-2l680 
(20 nM), and binding was assayed. Nonspeci?c binding was 
assessed in the presence of 100 M NECA. Data points 
depict the means of three experiments each done with 
triplicate determinations (P<0.05). 

FIG. 5 shows the characterization of cAMP response in 
COS~6M cells transfected with RFL9. FIG. 5A: Dose 
response characteristics of NECA-induced cAMP increases 
in COS-6M cells transfected with either RFL9 (I) or a PTH 
receptor cDNA (El). FIG. 5B: Pharmacological speci?city of 
the cAMP response in COS-6M cells transfected with RFL9. 
Am, arninophylline; CGS, CGS—21680. Data points depicted 
are the means of triplicate detemiinations from one experi 
ment and are representative of three such studies. P<0.01 
(Student’s t test), RFL9-transfected vs. FI‘H receptor-trans 
fected at each NECA dose. 

FIG. 6. shows the proposed membrane structure of the 
Alb-adenosine receptor encoded by RFL9. Y, potential 
N-linked glycosylations sites. 

FIG. 7 shows dose response curves for adenosine agonists 
generated from CHO cells transformed with the A2,, adenos 
ine receptor (top) or RFL9 (designated Azb; middle), and VA 
13 cells. Each point on the curve represents the mean of two 
or three separate dose-response studies and is expressed as 
a percentage of the maximal cAMP response. The lower two 
panels show direct comparisons between RFL9 and VA 13 
cells. The top panels show direct comparisons between Aza 
and RFL9. The dose-response curves for RFL9 (not shown) 
are identical to those depicted. (NECA, 5'-N-ethylcarboxa 
midoadenosine; CGS, CGS-21680; CPA, N6—cyclopentylad— 
enosine; ADC, adenosine). 

FIG. 8 shows dose response curves for adenosine antago 
nists generated from CHO cells transformed with the A20 
adenosine receptor (top) or RFL9 (designated Azb; middle), 
and VA 13 cells. Drugs were dissolved in medium contain 
ing 10 pM adenosine. Each point on the curve represents the 
mean of three separate dose-response studies and is 
expressed as a percentage of the cAMP response induced by 
10 pM adenosine. The lower two panels show direct com 
parisons between RFL9 and VA 13 cells. The top panels 
show direct comparisons between A2,, and RFL9. The dose 
response curves for RFL9 (not shown) are identical to those 
depicted. (DPX, 1,3-diethyl-8-phenylxanthine; AM, amino 
phylline; XAC, xanthine amine congener). 

FIG. 9 shows the results of agonist studies using CHO 
cells stably transfected with a cDNA expressing either the 
Ala-adenosine receptor or the RFL9 Azb-adenosine receptor. 
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FIG. 10 shows the results of antagonist studies using CHO 

cells stably transfected with a cDNA expressing either the 
Aza-adenosine receptor or the RFL9 Azb-adenosine receptor. 

FIG. 11 (SEQ ID NO:2) shows the nucleic acid sequence 
of a human Alb-adenosine receptor cDNA fragment. 

There now follows a description of the cloning and 
characterization of Azb-adenosine receptor-encoding 
cDNAs useful in the invention. These examples are provided 
for the purpose of illustrating the invention, and should not 
be construed as limiting. 
Cloning of the Rat AZb-Adenosine Receptor 
The PCR method was used to generate cDNA fragments 

of novel G protein-coupled receptors. Poly(A)+ RNA from 
rat ventromedial hypothalamus containing the hypophyseal 
pars tuberalis was used to synthesize ?rst-strand cDNA. The 
cDNA was subjected to PCR ampli?cation with a pair of 
degenerate oligonucleotide primers based on regions of the 
third and sixth transmembrane domains that are highly 
conserved among several monoamine and peptide receptor 
cDNAs (Libert et al., 1989, Science 244:569-572). Ampli 
?ed fragments from 450-900 base pairs (bp) were size 
selected on an agarose gel and subcloned into M13. 
Sequence analysis revealed fragments of several known G 
protein-coupled receptors and fragments of several novel 
putative G protein-coupled receptors. One of the novel 
cDNA fragments, designated PCR9 (461 bp), showed the 
highest identity (57%) with the corresponding segment of 
the recently cloned rat Aza-adenosine receptor cDNA. PCR9 
was subcloned into pBluescript and used to generate anti 
sense and sense cRNA probes for in situ hybridization (see 
below). 
Random prime-labeled PCR9 was used to screen a rat 

brain library. From 1><106 recombinants, a single positively 
hybridizing clone (RFL9) containing an insert of 1859 bp 
was isolated and sequenced. A restriction endonuclease map 
and the nucleotide and deduced amino acid sequences of 
RFL9 are shown in FIG. 1 (SEQ ID N011). The cDNA 
encodes a protein of 332 amino acids with an estimated 
molecular mass of 36,367. Hydropathy analysis (Kyte et al., 
1982, J. Mol. Biol. 157:l95—132) of the predicted amino 
acid sequence revealed the presence of seven hydrophobic 
segments (FIG. 2), which likely represent the transmem 
brane regions of a G protein coupled receptor. 
The amino acid sequence of RFL9 is 46% and 45% 

identical to that overall of the rat Aza- and Al-adenosine 
receptors, respectively (FIG. 3). Within transmembrane 
regions the amino acid identity is 73% with the Aza 
adenosine receptor and 62% with the Al-adenosine receptor. 
The carboxyl terminus and second extracellular loop are the 
most divergent regions between RFL9 and the Al- and 
Aza-adenosine receptors. The amino terminus of RFL9 is 
short and devoid of N-linked glycosylation sites, similar to 
that of the A1- and Aza-adenosine receptors. The second 
extracellular loop of RLF9 (as well as the A1- and A2,, 
adenosine receptors) does contain two consensus sites for 
N—linked glycosylation. The carboxyl tail of RFL9 is short 
compared to the long tail of the Aza-adenosine receptor 
(FIG. 3). The carboxyl terminus of RFL9 contains a total of 
nine serine and threonine residues which could act as 
phosphorylation sites for receptor regulation (Sibley et al., 
1987, Cell 48:913—922). 
Transient Expression Of RFL9 
To establish the identity of the receptor encoded by RFL9, 

the cDNA was subcloned into the expression vector pcDNAI 
and transiently expressed in COS-6M cells. In parallel 
studies, the rat Al- and Aza-adenosine receptor cDNAs in 
pcDNAI (Reppert et al., 1991, supra) were also transiently 
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expressed. Two days after transfection, binding to COS-6M 
cells of three adenosine-speci?c ligands was assessed for 
each of the three receptor cDNAs. For some studies, RNA 
was collected from transfected and nontransfected cells for 
Northern blot analysis. 

Nontransfected COS-6M cells exhibited speci?c binding 
to [3H]5'-N-ethylcarboxamidoadenosine ([3H]NECA), an 
adenosine ligand that binds high a?inity Al- and A2,, 
receptors with similar af?nity (FIG. 4). COS-6M cells 
transfected with the Al-adenosine receptor, Aza-adenosine 
receptor, or RFL9 cDNAs speci?cally bound [3H]NECA; 
the level of [3H]NECA binding after transfection with each 
of these cDNAs was 2- to 3-fold higher (P<0.05) than that 
found in nontransfected cells. Importantly, speci?c [3H] 
NECA binding in COS-6M cells transfected with nonad 
enosine G protein-coupled receptor cDNAs was not above 
the level of binding in nontransfected cells. 

In contrast to the inability of [3H]NECA to distinguish 
cells transfected with the three receptor cDNAs, speci?c A1 
and Aza-adenosine receptor ligands gave distinct patterns of 
binding (FIG. 4). Only cells transfected with the Al-adenos 
ine receptor cDNA speci?cally bound the Al-adenosine 
receptor-speci?c ligand [3H]2-chloro-N-cyclopentyladenos 
ine ([3H]CCPA) (Klotz et al., Naunyn-Schmiedebergs Arch 
Pharmcol. 340:679-683). Only cells transfected with the 
Aza-adenosine receptor cDNA speci?cally bound the A2,, 
adenosine receptor-speci?c ligand [3H]2-[p-(2-carboxyeth 
yl)phenethylamino]5'-N- ethylcarbox-amidoadenosine 
([3H]CGS-21680) (Jarvis et al., 1989, J. Pharmacol. Exp. 
Ther. 251:888-893). Thus, COS-6M cells transfected with 
RLF9 bind the nonselective adenosine agonist NECA, but 
do not bind either the Al- or AZa-receptor-speci?c agonists 
with high af?nity. Further pharmacological characterization 
of RFL9 in COS-6M cells was complicated by the presence 
of substantial, speci?c [3H]NECA binding in nontransfected 
cells; Northern blot analysis revealed that RFL9 and, to a 
lesser extent, the Ala-adenosine receptor are both endog 
enously expressed at low levels in nontransfected COS-6M 
cells. 
To determine whether the receptor encoded by RFL9 was 

coupled to the adenylyl cyclase regulatory system, COS-6M 
cells were acutely transfected with RFL9 and NECA was 
added at 1O_5M; such NECA addition caused an approxi 
mately 50-fold increase in cAMP levels above basal levels 
(FIG. 5A). In contrast, NECA at lO'SM induced only a small 
3- to 4-fold increase in cAMP levels in either nontransfected 
COS-6M cells or cells transfected with the PTH receptor 
cDNA (Juppner et al., 1991, Science 25411024-1026; FIG. 
5A); PTH receptor-transfected cells were used as a trans 
fection control for the RFL9-transfected cells because the 
PTH receptor is a G protein-coupled receptor that is posi 
tively coupled to adenylyl cyclase in acutely transfected 
COS-7 (Juppner etal., 1991, supra) and COS-6M cells (data 
not shown). The large NECA-stimulated increase in cAMP 
levels in cells transfected with RFL9 was dose-dependent 
with maximal stimulation at l0_5M. Importantly, the maxi 
mal NECA-stimulated increase in cAMP levels in COS-6M 
cells transfected with RFL9 was completely inhibited by the 
inclusion of the adenosine receptor antagonist aminophyl 
line (l0_2M) in the incubation bath (FIG. 5B). Consonant 
with our binding studies detailed above, CGS-2l680 at 
l0_5M did not consistently stimulate cAMP levels in COS 
6M cells transfected with RFL9 (FIG. 5B). 
Northern Blot Analysis 

Northern blot analysis of 20 rat tissues probed with 
random prime-labeled Al-adenosine receptor cDNA, A2,, 
adenosine receptor cDNA, or RFL9 revealed a distinct tissue 
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distribution for each. The blot hybridized with Al-adenosine 
receptor cDNA revealed two transcripts of 3.5 kilobases (kb) 
and 5.5 kb that were prominently located in brain, spinal 
cord, epididymis plus vas deferens, and white adipose tissue, 
with lesser amounts in heart, liver, spleen, testis, and pitu 
itary gland, similar to that previously reported (Reppert, 
1991, supra). The blot hybridizing with rat Aza-adenosine 
receptor cDNA revealed a single hybridizing transcript of 
2.6 kb which was moderately expressed in brain, with lower 
amounts detected in heart, lung, thymus, spleen, epididymis 
plus vas deferens, and white adipose tissue. The blot hybrid 
ized with RFL9 revealing two hybridizing transcripts of 1.8 
and 2.2 kb which were prominently expressed in large 
intestine, cecum, and urinary bladder with less intense 
hybridization signals observed in brain, spinal cord, lung 
epididymis plus vas deferens, and pituitary. 
In Situ Hybridization Distribution 

Using antisense cRNA probes to PCR9, the only hybrid 
ization signal visible in ?lm autoradiographs of rat brain was 
in a small area at the ventral surface of the median eminence 
corresponding to the region of the hypophyseal pars tubera 
lis. Emulsion autoradiographs revealed a very low level of 
speci?c hybridization throughout brain that was in excess of 
that observed with the corresponding sense probe for PCR9 
in adjacent sections. The di?’use, low levels of RFL9 mRNA 
in brain were in marked contrast to the strong hybridization 
signals observed in rat brain sections hybridized with cRNA 
probes complementary to portions of the coding regions of 
the rat Al-or AZa-adenosine receptors. As previously 
reported, A1 -adenosine receptor mRNA was widely distrib 
uted throughout the rat central nervous system (Reppert et 
al., 1991, supra; Mahan et al., 1991, supra), whereas A2,, 
adenosine receptor mRNA was restricted to the caudate 
putarnen, nucleus accumbens, and olfactory tubercle (Schiif 
mann et al., 1990, Brain Res. 191333-337). 
The speci?city of the hybridization signal elicited by 

PCR9 in pars tuberalis was veri?ed using two other anti 
sense probes, one complementary to a full-length (~l.7 kb) 
probe of RFL9 and the other complementary to a 700-bp 
fragment of the 3‘-untranslated region of RFL9. These 
probes produced the same speci?c hybridization pattern in 
pars tuberalis as that observed with PCR9. 
Generation of stable cell lines 
CHO cells were identi?ed as a favorable cell line for 

transfection with A2 adenosine receptors. Neither NECA or 
adenosine (1 mM) induced cAMP accumulation in CHO 
cells that were not transformed (n=3). Moreover, neither 
RFL9 or Aza-adenosine receptor mRNAs were detectable in 
CHO cells by dot-blots (n=3) or Northern blot analysis. 
To generate stable RFL9 transfectants, CHO cells were 

transfected with RFL9 cDNA (as described below). Eight 
clones were identi?ed which expressed RFL9 mRNA. The 
four clones with the strongest hybridization signal on the 
dot-blots were examined functionally, and all were found to 
be stimulated by NECA addition (1 pM). One of these, clone 
9.8, was arbitrarily selected for subsequent studies. In par 
allel experiments, CHO cells were transfected with the 
Am-adenosine receptor cDNA. Seven clones were found to 
express Ala-adenosine receptor mRNA. The three clones 
with the strongest hybridization signal on the dot-blots were 
examined ?mctionally; again, all were found to be stimu 
lated by NECA addition (1 pM). One of these, clone 8.8, was 
selected for subsequent studies. 
Because a low level of [3H]NECA speci?c binding (at 100 

nM) was detectable in the RFL9-transformed CHO cells 
(150 i20 fmol/mg, n=3) and in the Aza-adenosine receptor 
transfected cells (140+fmol/mg; n=3) as well as in the 




























